Activin A amplifies dysregulated BMP signaling and induces chondro-osseous differentiation of primary connective tissue progenitor cells in patients with fibrodysplasia ossificans progressiva (FOP).
Fibrodysplasia ossificans progressiva (FOP), is caused by mutations in the type I BMP receptor ACVR1 that lead to increased activation of the BMP-pSmad1/5/8 signaling pathway. Recent findings suggest that Activin A (Act A) promiscuously stimulates the bone morphogenetic protein (BMP) signaling pathway in vitro and mediates heterotopic ossification (HO) in mouse models of FOP, but primary data from FOP patient cells are lacking. To examine BMP-pSmad1/5/8 pathway signaling and chondro-osseous differentiation in response to endogenous and exogenous Act A in primary connective tissue progenitor cells [CTPCs; also known as stem cells from human exfoliated deciduous teeth (SHED) cells] from patients with FOP. These cells express the common FOP mutation, ACVR1 (R206H). We found that Act A amplifies dysregulated BMP pathway signaling in human FOP primary CTPCs cells through the Smad1/5/8 pathway and induces chondro-osseous differentiation. Amplification of BMP-pSmad1/5/8 signaling was inhibited by Follistatin and by a neutralizing antibody to Activin A. The increased basal pSmad1/5/8 activity, as well as the hypoxia-induced stimulation of FOP CTPCs cells, were BMP4 and Act A independent. Importantly, either BMP4 or Act A stimulated pSmad1/5/8 pathway signaling but BMP4 signaling was not dependent on Activin A and vice versa. Circulating plasma levels of Act A or BMP4 are similar in controls compared to FOP patients, and suggest the potential for an autocrine or paracrine route for pathological signaling. The mutated FOP receptor [ACVR1 (R206H)] is hypersensitive to BMP4 and uniquely sensitive (compared to the wild type receptor) to Act A. Both canonical and non-canonical ligands have a synergistic effect on BMP-pSmad1/5/8 signaling in FOP CTPCs and may cooperate to alter the threshold for HO in FOP. Our findings in primary human FOP CTPCs have important implications for the design of clinical trials to inhibit dysregulated BMP pathway signaling in humans who have FOP.